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@ Process for the production of composite molded articles. 

® Disclosed is a process for the production of an integral composite moWed item comprising 
(I) a surface portion comprising a synthetic resin phase containing a fibrous reinforcing matenal. 
i ) a core portion comprising the synthetic resin phase containing bubble^ontaining particles, and 
dli) aTpLtton layer poslLed between the surface portion and the core portion, the process compnsmg 

S) p'STdiJg in a substantially sealed mold a separation layer which does "^^^"l^ff'f ^^^^ 
e^Dandable particles or compressed lightweight particles of an elastic matenal but which is capable of 
passing a synthetic resin or its precursor ttial is liquidized at.the time of moWIng; 

(b) providing ttie synttietic resin or its precursor in the mold; ^ ^ ^ 

(c) arranging a fibrous reinforcing material between the separation layer and the mold, integrated with ttie 
fifioaration laver or separately but associated therewith; . . ^ 

N dT^SSng^ aggregate i the expandable particles and/or compressed particles of the lightwe^ht elastic 

< material on a side of the separation layer opposite to the side of an inner surface of aie mold: 

to (e) causing volume expansion of the aggregate by elevation of temperature to hereby ««pand J.e «^njabte 

S particles or relieving compression urged on the compressed lightweight partcles to thereby expand the 

r mSn?tKSzed synthetic resin or its precursor through the separation layer to spread it over between 

O meTpLon layer and the mold, and among the expanded particles, or among the particl^ of the 

^ lightweight elastic material, while pressing the separation layer onto the inner surface of the mold as the result 

O of volume expansion In the step (e) above; ^ . ^ a»i » 

^ (g) completing forniation-solidification or solidification of the synthetic resfn to fwm a surface portion and a 

^ '^tST^ resulting composite molded item. The type of the resin and the type of bubble<ontaining 
particles may be selected and combined differentty. 
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The present invention relates to a process for the production of composite molded articles. More 
particularly, it relates to a process for the production of integrated composite molded items which 
comprises CO ^ surface portion composed of a synthetic resin phase containing a fibrous reinforcing 
material, (ii) a foam-like core portion made of the synthetic resin phase containing a pUitality of foamed or 

5 holtow particles and (Hi) a separation layer anranged between ttie core portion and the surface portion. 

Composite molded items whose core portion has a foamed core and whose surface portion is 
constnjcted by a fiber-reinforced resin exhibit excellent lightweight property and toughness and tfierefore 
* tiiey are put into practice in various (ietds and further Improved molded items and -process for their 
productions have been proposed. 

10 Known processes for the production of molded items having the above-described construction include, 
for example, a process including steps of forming a foamed core for a core portion in advance, wrapping 
molded item with a woven cloth as a reinforcing material, placing the wrapped item in a mold, injecting a 
liquid molding resin into tfie mold to form a surface portion and then taking out ttie resulting composite 
moided item from tiie mol6, and a process including the steps of preforming a member having a cavity and 

95 serving as a surface portion in advance, injecting an expandable polyurethane witii a fbnming agent or the 
like in the cavity to form tiierein foam core portion to obtain a composite molded Item. Hereafter, concrete 
explanation will be made. 

(i) Japanese Laid-Open Patent Publication (Kokai) No. 162207/1988 (corresponding to European Patent 
Application No. 0272359) discloses a process for tiie production of a molded item which comprises the 

20 steps of preforming a thermoelastic rigid foam into a predetermined shape, wrapping ,the preformed foam 
witii a woven dotii to give a preformed foam core, placing tiie prefonmed foam core in a moki having Inner 
confining suriaces which serves to form therealong a contour of a finally obtained member and which can 
heat a specified portion of tiie core, injecting a liquid, tiiermosetting moldable resin into tiie mold, heating 
the mold to expand the foam core to allow the woven cloth wrapping tiie foam core to compress against the 

25 inner confining surfaces of the mold due to force of expansion of tiie foam and curing tiie resin to obtain a 
molded item. Although it has a feature that it can produce lightweight tough composite molded Items which 
have not been obtained by the convervtional processes, the process referred to above has various 
limitations, for example, that (a) tiie foam core to be preformed must have a shape as close as possible to 
ttial of tiie mold, (b) as for the quality of tiie foam core, tiie foam core must be selected from ttiose having a 

30 temperature of tiiemnal expansion in a proper range, and (c) tiie foam core to be used must be dosed-cell 
foams so tiiat no tiiermosetting resin penetrates in tiie cavity thereof. 

(ii) Japanese Patent Publication (Kokoku) No. 39107/1975 discloses a process for tiie production of an 
unsaturated polyester form including tiie steps of providing a resin composition comprising an unsaturated 
polyester resin, microcapsules composed of a thermoplastic syntfietic resin capable of being expanded at a 

35 temperature no lower than its softening point due to volume expansion of a substance contained therein to 
thereby forming expanded microballoons. a polymerization initiator, and one or more optionally added 
additives; heating tiie resin composition at a temperature no lower than that at which tiie microcapsules are 
futy expanded to form baiioons, and curing by heating the composition before tiie balloons are broken. This 
process uses microcapsules which can form microbalk)ons as tiie result of volume expansion and cures the 
. 40 unsaturated polyester while allowing tiie microcapsules to expand in it The molded item obtained contains 
tiie foamed microballoons dispersed in tiie resin tiiroughout and therefore the mokfed item has only 
insufficient strength. 

(ill) Japanese Lald-Open Patent Publication (Kokai) No. 15835/88 discloses a process for tiie production 
of an foamed polymer comprising tiie steps of providing a blend of a heat-crosslinkable polymer witii a 
45 heat-expandable microspheres, heating the blend to become a foamed mixture due to tiie expansion of tiie 
microspheres, and ttien crossfinking In a mold or the like. 

More specifically, tiie process comprises blending a heat-crosslinkabfe polymer such as rubber, 
polyurethane, epoxy resin or phenol resin with expandable microspheres, expanding tiie microspheres in 
advance to obtain prefoamed product, press molding the prefoamed product in a mold to obtain com- 
50 pressed crosslinked molded items. The molded items obtained contains expanded miaospheres dispersed 
therein throughout 

(iv) Japanese Laid-open Patent Publication (Kokai) No. 55966/73 discloses a process for tiie production 
of a foamed thermosetting synthetic resin comprising the steps of forming microcapsules from a thermo- 
plastic synthetic resin composition which can be converted to microballoons as tiie result of volume 
55 expansion of a substance contained tiierein at a temperature no lower tiian tiie softening point of tiie resin, 
adding the microcapsules to a tiiermosetting syntiietic resin and mixing tiie components, expanding tiie 
microcapsules in a molding step while curing the resin. 

The molded item obtained by the process contains expanded micro hollow particles dispersed therein 
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throughout 

(v) Japanese Laid-Open Patent Publication (Kokai) No. 58062/73 (corresponding to U. S. Patent 
3.842.020) discloses a process for the production of a themio-set synthetic resinous resol foam, comprising 
the steps of providing an Intimate mixture of a resol resin and a catalyst for the resol resin, conflming the 

* 5 mixture with a mold having a desired shape, and curing the resin, wherein prior to charging the mixture in a 
cavity of the mold, a number of expandable microspheres of a thermoplastic synthetic resin in which 
microspheres a volatile liquid blowing agent Is included are Incorporated In the mixture, and the resulting 
mixture is cured at a temperature at which the expandable microspheres cause their expansion. 

Molded items obtained by this process, like the ones descn*bed In (Iv) above, contain expanded 
10 microspheres dispersed therein throughout. 

(vi) Japanese Utility Model Publication (Kokoku) No. 24521/87 proposes a lightweight moWed product 
comprised by a fiber-reinforced unsaturated polyester resin, which comprises two surface layers made of a 
fiber-containing unsaturated polyester resin, and a core layer containing a number of expanded particles of 
a polyolefin type resin or ground product thereof and being formed integrally between the two surface 

75 layers. 

The lightweight molded product Is obtained by a process comprising the steps of placing glass fiber in 
a mold, covering the glass fiber with an aliquot of a stock solution of an unsaturated polyester resin to form 
a surface layer, casting Into the mold a mixture of expanded particles of a polyolefin resin and another 
aliquot of the stock solution of the unsaturated polyester resin to fonn a core layer, covering a glass fiber- 
20 containing unsaturated polyester resin thereon to fomn another surface layer, clamping the mold, and then * 
curing the resin. 

As described above, this process uses already expanded particles, which makes it difficult to uniformly 
apply pressure onto the surface layers throughout upon molding. Therefore, it is uneasy to obtain molded 
products having uniform quality stably by the process. In addition, although it is suitable for obtaining board 
25 type molded items in whicr. an unsaturated polyester resin containing expanded particles is present as a 
core between the overiying and undertying surface layers, the above described process is unsuitable as a 
process for the production of molded materials having a curved surface. 

The above-described prior arts are disadvantageous because they have defects that (i) they involve 
complicated steps and troublesome operations for obtaining composite molded items, resulting In that the 
30 production efficiency of the molded items is low and. high cost Is incurred: (li) the composite molded Items 
obtained have unsatisfactory strength and appearance; or (ill) the shape or size of the composite molded 
' items are limited. 

Therefore, it is a first object of the present Invention to provide a process for the production of a 
composite nrolded item, which enables one to obtain by relatively simple operations a composite molded 
35 item composed substantially of a surface portion and a center portion (core portion) containing bubble- 
containing particles such as foamed resinous microspheres or hollow beads. 

It is a second object of the present invention to provide a process for the production of a composite 
molded item, which enables one to obtain the composite moWed item having the above-desaibed 
construction substantially in a single step without resort to troublesome operations and complicated 
40 conditions. 

Another object of the present Invention Is to provide a process for the production of a composite 
mokJed item, which process has an excellent production efficiency, particularly a high productivity of a 
molded item per mokling equipment 

Still another object of the present Invention Is to provide a process for the production of a composite 
45 Item which Is light in weight and which had a structure having a high physical strength and excellent 
appearance. 

Yet another object of the present invention Is to provide a process for the production of a composite 
molded item, which process permits free selection of the shape and size of the Item. 

Other objects and features of the present invention will be apparent from the following description. 
50 As the result of intensive investigatton by the present inventors, it has now been found that the 
abovedescribed objects and features of the present Invention can be achieved by a process for the 
production of an integral composite molded item comprising 

(i) a surface portion comprising a synthetic resin phase containing a fibrous reinforcing material. 

(ii) a core portion comprising the syntiietic resin phase containing bubble-containing particles, such as 
55 foamed resinous particles or hollow beads, and 

(iii) a separation layer positioned between the surface portion and the core portion, the process 
comprising tiie steps of: 

(a) providing in a substantially sealed mold a separation layer which does not substantially pass 
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therethrough expandable particles or compressed lightweight particles of an elastic material but which is 
capable of passing a synthetic resin or its precursor that is liquidized at the time of molding; 

(b) providing the synthetic resin or its precursor in the mold; 

(c) arranging a fibrous reinforcing materia! between the separation layer and the mold, integrated with tha 
separation layer or separately but associated therewith; 

(d) providing an aggregate of the expandable particles and/or compressed particles of the lightweight, 
elastic material on a side of the separation layer opposite to the side of an Inner surface of the mold; 

(e) causing volume expansion of th^ aggregate by elevation of temperature to thereby expand the 
expandable particles or relieving compression urged on the compressed Gghtweight particles to thereby 
expand the lightweight particles; 

(f) flowing the liquidized synthetic resin or its precursor through the separation layer to spread It over 
between the separation layer and the mold and among the expanded particles, or among the particles of 
the lightweight elastic material, while pressing the separation layer onto the inner surface of the mold as 
the result of volume expansion in the step (a) above; 

(g) completing formation-solidification or solidification of the synthetic resin to fdnn a surface portion and 
a core portion; and 

(h) taking out the resulting composite molded item. 

Rg. 1 is a schematic aoss-sectional view illustrating the arrangement the separation layer and the 
fibrous reinforcing material In the planer molded item produced by the process according to an 
embodiment of the present invention; 

Rgs. 2 and 3 each is a schematic cross-sectional view of the mold used In the process of the present 
invention, in which the separation layer and the fibrous reinforcing material are anranged. 
• ' The above-described process of the present invention has a feature that expansion of the expandable 
particles by temperature elevation or relief of the compression of the compressed particles of the light- 
weight elastic material is allowed to occur within the mold, thereby causing volume expansion of the 
aggregate of the particles, and the force generated by the volume expansion Is utilized as much as possible 
and most efficiently. 

In other words, the force generated by the volume expansion of the aggregate of particles directly acts 
as a force which is applied to the separation liayer sun-ounding the aggregate to be pressed outwardly onto 
the Inner surface of the mold and also as a force which is urged onto the expanded particles or particles of 
the lightweight elastic material which have been relieved of compression applied thereto In the separation 
layer to bring them closer to each other to form a dense core portion. Furthermore, as the result of the 
volume expansion of the aggeregate of the particles, the synthetic resin or its precursor in a fluid state 
travels through the separation layer to penetrate into the fibrous reinforcing material and/or aggregate of the 
particles sufficiently, thereby realizing the foramtion of dense surface portion and foam-like core portion. 

Thus, according to the process of the present invention, composite molded items can be obtained 
which have the following characteristics. 

(i) The surface portion which comprises the synthetic resin containing the fibrous reinforcing material can 
. be formed uniformly and densely ail over the surface of the molded items. Practically no particles are 

present in the surface portion. 

pi) Because tiiere is substantially no expanded particle or lightweight particle of the elastic material in the 
surface portion, the surface portion fdnned has a dense structure and tfie molded Items obtained have a 
high physical strengths and excellent appearance. 

(Hi) The Inner core portion in which the particles and the synthetic resin are packed without gaps 
between each other is fbrnied. The separation layer is located between the core portion and the surface 

portion. 

fiv) The circulation of Uie fluid synthetic resin or its precursor tfirough the separation layer In tiie sealed 
mold foons ttie surface portion and the core portion and ttierefore the surface portion and ttie core 
portion together form a structure flnmly integrated with each other by the communicaticMi of ttie same 
synthetic resin. 

The process for tiie production of a composite molded item according to ttie present Invention can be 
employed regardless of whether or the synthetic resin used is a tiiermosetting resin or a tiiennoplastic 
resin, and whether the bubble-containing particles such as foamed resinous particles, hollow beads or 
expanded microballoon in tine core portion are of the type of expanded particles or tiiat of particles of the 
light-weight elastic material of which compression has been relieved. 

The molding process of tiie present Invention Includes Uie fdltowing molding processes A. B and C 
depending on tfie selection and combination of the type of the above<lescribed resin and that of the air 
bubble-containing particles. 
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Molding Process A: 

A process for the production of an Integral composite molded item comprising 

(i) a surface portion comprising a synthetic resin phase containing a fibrous reinforcing material, 

(ii) a core portion comprising the synthetic resin phase containing bubble-containing particles, and 

(III) a separation layer positioned between the surface portion and the center portion, the process 
comprising the steps of: ^ » 

(a) providing in a substantially sealed mold a separation layer which does not substantially 
therethrough expandable particles but which is capable of passing a thermosetting resin as or Its 
precursor that is liquidized at the time of molding; 

(b) providing the thermosetting resin or its precursor in the mold; 

(c) arranging a fibrous reinforcing material between the separation layer and the moid. Integrated with the 
separation layer or separately but associated therewith; 

(d) providing an aggregate of the expandable particles on a side of the separation layer opposite to the 

side of an inner surface of the mold; 

(e) causing volume expansion of the aggregate by elevation of temperature to thereby expand tfie 
expandable particles; . u 

(f) flowing the thennosetting resin or its precursor through the separation layer to spread it over between 
the separation layer and the mold, and among the expanded- particles, while pressing the separation 
layer onto the inner surface of the mold as the result of volume expansion in the step (e) above; 

(g) curing thennosetting resin or its precursor to complete solidification thereof to form a surface portion 
and a core portion: and 

(h) taking out the reuslting composite molded item. 



Molding Process B: 

A process for the production of an Integral composite molded item comprising 
(I) a surface portion comprising a synthetic resin phase containing a fibrous reinforcing material, 
(ii) a center portion comprising the synthetic resin phase containing bubble-containing particles, and 
(Hi) a separation layer positioned between the surface portion and the core portion, the process 
comprising the steps of: 

(a) providing In a substantially sealed mold a separation layer which does not substantally pass 
therethrough compressed lightweight particles of an elastic material but which is capable of passing a. 
thermoplastic resin or the thermosetting resin that is liquidized at the time of molding; 

(b) providing the thermoplastic resin or the thermosetting resin in the mold; 

(c) arranging a fibrous reinforcing material between the separation layer and the mold, integrated with the 
separation layer or separately tJut associated therewith; 

(d) providing an aggregate of the compressed particles of the lightweight elastic material on a side of the 
separation layer opposite to the side of an inner surface of the mold; 

(e) causing volume expansion of tiie aggregate by relieving compression urged on the compressed light- 
weight particles to thereby expand the lightweight particles; 

(f) flowing the liquidized resin through the separation layer to spread It over between the separation layer 
and the mold, and among the particles of the light-weight elastic material tiiemselves while pressing the 
separation layer onto the Inner surface of tine mold as the result of volume expansion in the step (e) 

above; . 

(g) completing solidification of tiie resin to form a surface portion and a center portion; and 

(h) taking out the reuslting composite molded item. 



Molding Process C: 

A process for ttie production of an integral composite molded item comprising 
0) a surface portion comprising a syntiietic resin phase containing a fibrous reinforcing material. 
(II) a center portion comprising tfie syntiietic resin phase containing bubble-containing particles, and 
(Hi) a separation layer positioned between tfie surface portion and the core portion, ttie process 
comprising tiie steps of: 

(a) providing in a substantially sealed mold a separation layer which does not substantially pass 
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therethrough expandable particles but which is capable of passing a thermoplastic resin that is molten at 
the time of molding; 

(b) providing the thermoplastic resin in the mold; 

(c) arranging a fibrous reinforcing material between the separation layer and the mold, integrated with the 
5 separation layer or separately but associated therewith; 

(d) providing an aggregate of the expandable particles on the side of the separation layer opposite to the 
side of an inner surface of the mold; 

(e) causing volume expansion of the aggregate by elevation of temperature to thereby expand the 
expandable particles; 

70 (f) flowing the molten thenmoplastic resin through the separation layer to spread it over between the 
separation layer and the mold, and among the expanded particles themselves while pressing the 
separation layer onto the inner surface of the mold as the result of volume expansion in the step (e) 
above; 

(g) completing solidification of the thermoplastic resin to form a surface portion and a center portion; and 
75 (h) taking out the resulting composite molded item. 

Next, the molding process of the present invention will be explained in greater detail below. 
The molding process of the present invention is canrted out practically in a single step in a sutjstantlally 
sealed mold. In this case, any type of molds can be used as far as they can substantially be sealed 
hermetically at the time of molding and endure the molding pressure and temperature. Generally, those 
20 types of molds which are used In conventional molding methods such as RTM method (Restn Transfer 
Molding method), and RIM method (Reaction Injection Molding method) can be used in the. process of the 
present invention. Any of metal molds, wood molds or resinous molds may be used. 

As described earlier, the advantages of the molding process of the present invention are achieved by 
expansion of the expandable particles or relief of compression urged on the particles of the lightweight 
25 elastic material to effect volume expansion of the aggregate of the particles and utilizing as much as 
possible and most efficiently the force of expansion by the use of the separation layer. 

Therefore, the use of the separation layer is indispensable for achieving the objects of the present 
invention. 

Accordingly, the separation layer used In tine present invention must be one which does pass 
30 therethrough substantially no expandable particles nor compressed particles of tiie lightweight elastic 
material but which is capable of passing theretiirough ttie syntiietic resin or its precursor. 

Anotfmr desired performance of tiie separation layer is that it can endure pressure generated as the 
result of volume expansion of tiie aggregate of ttie particles. If ttie separation layer Is broken or holes are 
made therein as the result of volume expansion and the particles expanded or tiie particles of the light* 
35 weight elastic material pass ttie separation layer, it will be difftcuit to obtain the objective composite mokled 
items. 

In Older to achieve tiie above<lescribed performance, tiie mesh size or diameter of holes of tiie 
separation layer should be selected depending upon tiie size and shape of the expandable particles or the 
particles of ttie lightweight elastic material in a compressed state. 

40 When tiie separation layer which can pass the expandable particles or tiie compressed particles of the 
lightweight elastic material Is used, the surface portion of tiie molded item contains bubble-containing 
particles, and as the result the composite molded item obtained fails to exhibit satisfactory strength or has a 
poor appearance, and tiierofore its commercial value is low. 

Specific examples of the material for preparing the separation layer include woven fabrics, knitted 

45 fabrics, unwoven fabrics, webs, paper, wire gauzes, and porous films. Of tiiese. pretended are woven fabrics, 
knitted fabrics, unwoven fabrics and webs. The material ttierefor may be any of syntiietic fibers, natural 
fibers metal fibers or tfie ottier inorganic fibers. 

The structure of tiie separation layer is desirably such tiiat substantially none of tiie expandable 
particles nor the compressed particles of tiie elastic material can pass it That is. tiie structure of tiie 

50 separation layer is detenmined depending on tiie structure of tiie motel to be used for molding and tiie 
structure and shape of ttie objective composite molded item. Generally, ttie separation layer is of a bag-like 
or planar structure. The bag-like structure is particularly prefen-ed. The bag-like or planar structure does not 
have to be a separation layer entirely. Instead, a portion of the structure may be constituted by other 
materials such as films and membranes unless the resulting structure shows substantial passing theretii- 

55 rough of tiie expandable particles or compressed particles of tiie lightweight elastic material and unless tiie 
object of ttie present invention is injured. 

In tiie molding process of ttie present Invention, the separation layer may be a stmctural material which 
is integrated witti tiie fibrous reinforcing material ttiat fbmis ttie surface portion. The use of such integrated 
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structural material Is a preferred embodiment of the present Invention. A typical example of the integrated 
structural material is a fibrous reinforcing material which has a function of the separation layer at least on its 

surface portion. u u w k 

Although detailed explanation on the fibrous reinforcing material will be made later on, it snoura oe 

5 noted here that when this type of the reinforcing material Is selected from, for example, woven fabrics, 
knitted fabrics, unwoven fabrics or webs, the reinforcing material itself have a function of the separation 
layer and therefore it can be used also as the separation layer If it does not pass therethrough the 
expandable particles or compressed particles of the lightweight elastic material on rts Inner surface portion 
O e.. the surface which the expandable particles or the compressed particles of the lightweight elastic 

10 material contact). In case of using such bifunctlonal fibrous reinforcing material is used, it is not always 
necessary to provide a separation layer independently. However, the separation layer and the fibrous 
reinforcing material may be used separately in association with each other or integrally as being laminated 

one on another. ,^ j u < *u 

As the fibrous reinforcing material for forming the surface portion of the composite molded Item of the 
IS present invention, those fibrous reinforcing materials can be employed which are generally used for fiber- 

reinforced plastics. Pretend examples of such reinforcing material include glass fiber, carbon fiber, silicon 
. carbide fiber, metal fiber, aramide fiber, polyaliylate fiber, high-strength polyolefin fiber and mixtures of two 

or more of them. Besides these fibers, polyester fiber, nylon fiber, viscose fiber, natural fibers, or asbestos 

may be used. The fibers may be short fibers or long fibers, or whiskers. 
20 it is preferred to use the fibrous reinforcing materials generally as a material having a fibrous stmcture. 

That is. the reinforcing material may advantageously be woven fabrics (plain weave fabrics, cord fabncs, 

twill fabrics, etc.). knitted fabrics, unwoven fabrics. UD filaments (unidirectlonally oriented filaments) or 

wet>s. 

Although H Is unsuitable to use It in Itself as a reinforcing material In the surface portion, the short fiber 
25 or whisker (for example, silicon cartJide whisker, carbon whisker, silicon nitride whisker, etc.) can be used In 
the form of a portion of a web or unwoven fabric. 

In the composite molded item of the present invention, the bubble-containing particles contained In the 
core portion are fomied by expanding the expandable particles or relieving compression applied to the 
particles of the lightweight elastic material during the molding. Description on the particles will be made in 
30 detail below. 

As the above-described expandable particles, there can be used those particles which can undergo 
volume expansion due to heating upon molding and which can substantially retain bubbles as included In 
the particles after the expansion. Those whose volume Increase amounts at least about 10 %. and 
preferably at least about 20 % are used as expandable particles. The expandable particles now available 
35 undergo volume expansion of usually from about 20 % to about 70 times the original volume. In this case, 
the magnification of volume expansion means volume expansion magnification measured when the 
expandable particles are expanded at a predetemilned molding temperature at atmospheric pressure but it 
does not always indicate a volume expansion magnification of a composite molded item actually obtained 

by molding. . . . 

40 The expandable particles have a mean particle size preferably In the range of from about 1 um to about 
5 mm, and more preferably about 10 am to about 1 mm. The polymer which constitutes the above- 
described expandable particles undergoes volume expansion when heated upon molding and thus substan- 
tially include bubbles therein and In addition does not ftow at heating temperature upon the molding. 
Generally preferred expandable particles are formed from polyvinylidene chloride copolymer, polystyrene or 

46 polystyrene copolymer, polyolefin. poiyphenylene oxide copolymer or a blend of polyphenylene oxWe and 
polystyrene, and contain therein blowing agent, in particular, it is desirable , to use polyvlnyfidene chloride 
particles containing a tow boiling point hydrocariron which can vaporized and form expanded microballoons 
when heated Such particles are commercially available under trade names such as EXPANCEL (for a 
product by Nobel Ind.). MATSUMOTO MICROSPHERE {for a product by Matsumoto YushI Selyaku Co., 

50 Ud.), ESLENE BEAD (for a product by Sekisul Kaselhin Co.. Ud.) and the like, which can be used as they 
are 

On the other hand, suitable particles of the lightweight elastic material are those which have a mean 
particle size of from about 50 urn to about 10 mm. and preferably about 500 um to about 5 mm in a 
uncompressed state (at atmospheric pressure). As the particles of the lightweight elastic material, those 
55 particles can be used which recover their volume relative the original volume to a level of from about 10 % 
to about 100 %. and preferably from about 20 % to about 60 %. 

Preferred examples of the polymer which constitutes the particles of the lightweight elastic material 
Include polyolefin. polyurothane. and natural or synthetic mbber. Such particles of the lightweight elastic 
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material are commercially available under trade names such as POLYPROPYLENE BEAD (e.g.. PB-MG15P, 
for a product by JSP Co.)* which can be used as it is. 

The aggregate of the expandable particles and that of the particles of the lightweight elastic material 
described above may be used as a mixture with non-expandable foamed or expanded particles which 

5 undergoes substantially no volume expansion by heating or relief of compression. The non-expandable 
particles must be those which do not pass the separation layer In substance. The use of the non- 
expandable particles as mbced with the aggregate of the above-described particles facilitates operations of 
molding and gives a composite molded item which has more excellent toughness and rigidity. 

The above-desalbed nor>-expandable particles may be eitiier inorganic expanded hollow particles, such 

10 as inorganic microballoons. or organic expanded particles. Generally, Inorganic expanded particles are 
prefen-ed. Specific examples of tiie non-expandable Inorganic expanded particles include glass balloons, 
silica balloons, and shirasu balloons (volcanic white sand balloons). Their mean particle size is preferably 
from about 1 urn to about 1 mm, and more preferably from about 5 um to about 0.5 mm. Mixing ratio of tiie 
expandable particles or tiie particles of ttie lightweight elastic material to ttm non-expandable expanded 

15 particles is preferably from 10:1 to 1:5, and more preferably from 9:1 to 1:3. by weight 

The synttietic resin which can be used in tiie surface portion and tiie core portion in ttie production of 
tiie composite molded item of tiie present Invention may roughly be classified into a ttiemiosetting resin 
and a tfiennoplastic resin. These resins Including tiieir precursors may be tiie one generally used as a 
molding resin as far as ttiey can each be liquidized or show fluidity at. ttie time of molding. The 

20 ttiermosetting resin or its precursor is ttie one which cures as ttie result of ttie molding due to- 
polymerization reaction and/or cross-linWng reaction to give rise to a solid resin. Generally, ttie one which is 
liquid at room temperature is advantageous. By tiie term "precursor" is meant a monomer and prepolymer. 
Specific examples off ttie thermosetting resin Include epoxy resins, polyuretane resins, unsaturated polyes- 
ter resins, polyvinyl ester resins, polylmide resins, and polyamlde resins. Of ttiese, preferr^ are epoxy 

25 resins, polyurettiane resins, unsaturated polyester resins and polyvinyl ester resins. Iff desired, curable 
polycycloolefin resins such as dicyclopentadiene resin may also be used. 

Usually, ttienmosetting resins are employed as a mixture of tiie resin or its precursor wltti a curing agent 
and/or a promoter. In tills Invention. It is possible to use ttiem In combination and It Is more advantageous 
to do so. 

30 On ttie other hand, any conventional thermoplastic resins ttiat are usually used for molding can be used 
as far as ttiey are molten and flow at a molding temperature. It Is desirable to use ttjose tiiermoplastic 
resins which show fluidity at a temperature In the range of from about 70* C to about 230* 0, and preferably 
in the range of from about 80* C to about 200* C. 

Spedfic examples of ttie ttiemrioplastic resin Include polyolefins (for example, polyettiylene and 

as polypropylene), polystyrenes, crystalline liquid polyallylate resins, phenoxy resins, polyvinyl chlorides, nylon 
and polyoxyalkylenes. Of tfiese. prefenred are polyolefins, polystyrenes, crystalline llquid-polyallylate resins 
and phenoxy resins are preferred. If desired, prepolymers which can be converted into ttiemfioplastic resins 
can also be used. 

Upon practicing ttie molding process of ttie present invention, at first the fibrous reinforcing material is 

40 arranged along ttie inner surface of ttie mold, and ttie separation layer is provided on tiie inner side ttiereof. 
When ttie separation layer and the fibrous reinforcing material are integrated witti each ottier, and typically 
when ttie fibrous reinforcing material which has a function of tiie separation layer simultaneously Is used, 
the integrated material may be arranged all over ttie Inner surface off ttie mold, wltti ttie surface having a 
function of the separation layer being directed Inwards. 

45 How to arrange tiie separation layer and tiie fibrous reinforcing material depends on ttie shape, size, 
physical properties and utility of the objective composite molded item. 

As described earlier, the molding process of ttie present invention, during ttie molding step, effectively 
utilizes volume expansion of tiie aggregate of ttie expandable particles or tiie compressed particles of ttie 
lightweight elasttc material and accordingly ttie separation layer and ttie flbreus reinforcing material should 

50 be arranged so ttiat ttie aggregate of the particles can press ttie separation layer all over ttie inner surface 
of the mold when volume expansion thereof occurs. 

Needless to say. tfie separation layer must be arranged in accordance witti ttie shape of tiie mold so 
ttiat bubble-containing particles can be prevented from contaminating ttie surface portion of ttie composite 
molded item. Even If ttie separation layer had a property substantially not allowing ttie expandable particles 

55 or the compressed particles of tfie lightweight elastic material to pass ttierettirough. incomplete arrangement 
of the separation layer in ttie mold could cause movement or transfer of ttie particles from a portion off Its 
periphery towanJ ttie surface portion. This is undesirable and should be avoided,. 

For example, when It is desired to produce rod-like or cylindrical molded items, it is sufficient to 
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arrange on the inner surface of the mold the separation layer and the fibrous 

STteg^ike stn«ture (hollow cylinder) in response to the desired shape of the molded .terns. ^^2an6 3 
rtt^hereto schemUc^ly illustrate this type of arrangement On *e ojer hand H « '' ^"^^P^^^.^ 
produce planar molded items, it is sufficient to arrange the separation layer and the reintorcj^ 
material all over the inner surface of the mold. In this case, the separation layer ["^y ^e «f a b^ite 
J^re. Rg. l shows an example of the arrangement of the separation layer and the fibrous relnfonrfng 
material in the mold in the case of producing the planar molded item. 

When producing planar molded items or flatones with front and back faces, the separation layer may be 
arranged oSTon one side of the inner surface of the mold. In this case, the other side may be free w.tt»u^ 
^Sg a separation layer, may have, instead of the separation layer, a material such 
Z cL therettirough even the liquid molding resin, or may have a separation layer, and selectwn may be 
mld'TT^S dZdIng on the'purpose. for example, when the production of cowling «or mo^^-^V^' 
Sd ^operadons of coating the front face and affixing a dechalcomanie pattern thereto can be 

by arranging a printed^lm on the side of the front tece and ^J^^J^'l' 
fabric of glass fiber on the side of the back face. In the case where rt ^^^"^.^^"^^^ ! 
stroctural material which requires a high rigidity, a separation layer may be prodded on e«*tece and a 
5bLs reinforoing material may be arranged between each separation layer and the inner surface of the 

"""as described earlier, after arranging the separation layer and the fibrous reinforcing material in the 
mold the TpaJdaWe pakicles and the Hghtwelght elastic particles are provided on the sepamtia, teyer on 
Tsl to the side of the inner surface of the mold, or when a bag^ike structure is used as «e 

LtS^TnTJw Vn Z inside of the bag-like structure. In particular, when a bag-like structure « used as the 
^SSoJ te^. tiS el^able parScies or the particles of the lightweight etestic material may be 
introduced in the inside of the bag like structure m advance outside the mow. . „„rf u« >„ 

The aggregate of the expandable particles Is. as stated before, a mass o^ small 
itself humidity therefore, it can be supplied by injecting through a pipe into tt^-^oW after closingjt 
SLiTSre must be taken when supplying the aggregate of the partid^ into *e mo W trough a thm 
cLnunication pipe by stable operatk.n. Usually. It is desirable to introduce the expandable particles or the 
oarOcles of the Bahtweight elastic material into the mold before ctosing the mold, 
"^n L cTpSsite .Jl.kJed item of the present invention, the component which ~nsttutes *.e syntt,^^^ 
resin? i.e.. thermoplastic resin or themK^etting resin or their precursors (hereafter^ somehmes refe^J to 
generally as "synthetic resin componentT can be arranged in or suppl«d into the moW by vanous 
methods. 

Roughly speaking, they may be classified into the following groups. ^ ^ 

(iVa method in which the synthetic resin component is mixed with or Impregnated to the separation. 

layer or the fibrous reinforcing material. nf 

S A method in which the synthetfc resin component is mixed with or impregnated to the aggregate of 
the expandable particles or of the particles of the lightweight elastic matenal. 
(3) A method In which the synthetic resin component is poured into the moW after ctosing it 
fli meLls (1) to (3) may be used singly or any desired combination of two or more of them may be 



40 

used 



>;w,teh of the methods (1) to (3) is to be adopted depends on the type of the synthetic resin, in, 
partlcular whether It Is a thermoplastic resin or a themiosetting resin. m i^s a) 

When the themiosetting resin or Its precursor is liquid at room temperature, the niethods (l). (2).^ 
andZbinlns thereof m'ay be adopted. However, the methods (2) and (3) may beaJ>«n^;-»J^«2 
method (1). it is advantageous that a thermosetting resin or Its precursor which n "rl".""'^»'^ ^ 
ZTparaton layer anS the fibrous reinforcing material, mainly in the fibrous rei,iforo.ng -naterial. In 
S^JSnnTtheTthe Impregnated layer and material are arranged in the mold, and then the expandable 
SSTs'oTme p^cLT^e IghtweV elastic material are arranged in the mold, followed by ctosing . 
^Telelion of the temperature mere5. In this case, a portion of the thennosetting '^f'" ^^-J P^^^e 
moves from in the fibrous reinforoing material through the separation layer to the «99^«? «^ 
where ttis impregnated, as the result of expansion of the expandabte particles or relief of «""P«saon of 
STimp^^cles of the lightweight elastic material so that the synthetic resin component spreads 

55 ""°0n l^^tJlfhand. when the themtosetdng resin or its precursor is solid at room temperetureb^ 
becomerSuS^ a predetermined molding temperature, the methods (1). (2) or combination thereof may ^ 
Concrete ^ple of one of the methods which can be adopted is a method .n which solid powder 
S tS tti^-^tting ream or its precursor is mixed with the expandable particle? or the particles of the 
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lightweight elastic material In advance, and the resulting mixture Is arranged at a predetermined position 
prior to molding. In this method, heating of the mold renders the resin component fluid, and according as 
the aggregate of the particles undergoes volume expansion a core portion is formed and at the same time a 
portion of the particles flows passing through the separation layer to the fibrous reinforcing malenal for a 

5 surface portion. ^ ^ . . 

According to another improvement of this method, a solid integrated Intermediate product composed of 
the above^Jescribed resin component as a matrix and the expandable particles dispersed In the matrix Is 
prepared in advance outside the mold, which intermediate product is used as the mixture of the expandabte 
particles with the resin. The integrated solid mixture is arranged at a predetermined position In the mold. 

10 followed by closing and heating it to render the matrix resin component in the solid mixture fluid, and a core 
portion Is formed simultaneously with the expansion of the expandable particles. A portion of the resin 
component passes through the separation layer and flows into the fibrous reinforcing material to form a 

surface portion. . . ^ . . j *u 

This improved method can be practiced not only using the expandable particles but also employing the 
particles of the lightweight elastic material similariy. More specifically, a solid Integrated intermediate 
product composed of the above-described resin component as a matrix and compressed particles of the 
lightweight elastic material dispersed In tfie matrix Is prepared in advance outside the mold, which 
intemiediate product is used as the mixture of ttie particles of tiie lightweight elastic material with tfie resin. 
The integrated solid mixture is arranged at a predetemnined position in the mold, followed by closing and 
heating tiie mold to render tiie matrix resin component in ttie solid mixture fluid to ttiereby releMng the 
compression applied to the par tides of tine lightweight elastic material, resulting in volume expansion. In 
accordance ttierewith a core portion is formed, and a portion of tiie resin component passes tiirough tiie 
separation layer and flows into ttie fibrous reinforcing material to fonm a surface portion. 

When tiie syntiietic resin component Is a ttiennoplastic resin, the methods (1) or (2). particularty 
25 preferably ttie metiiod (2). can be adopted. More specifically, ttie metiiod (2) is a mettiod which Is basically 
ttie same with tfie above-described mettiod in which ttie ttiermosetting resin or its precursor which Is solid 
at room temperature and which can be rendered flukJ at a molding temperature is used as ttie synttietic 
rosin component That Is, one of tiiem is a mettiod In which solid powder of a ttiemioplastic resin (ttie one 
which is capable of being rendered fluid at a molding temperature) Is mixed witti ttie expandable particles 
30 or ttie particles of ttie lightweight elastic material in advance, and ttie resulting mixture is arranged at a 
predetermined position in ttie mold, and anottier Improved method is ttie one In which an Integrated solid 
intermediate product is prepared In advance outside ttie mold which intemiediate product contains a 
ttiermoplastic resin component as a matrix and ttie expandable particles dispersed in tiie matrix, and ttiis 
intermediate product is utilized. Still another improved mettiod is the one In which an integrated solid 
35 intermediate product Is prepared in advance outside ttie mold which intemiediate product contains a 
ttiermoplastic resin component as a matrix and tiie compressed particles of ttie lightweight elastic material 
dispersed in ttie matrix, and ttils intennnediate product Is utilized. 

The amounts and proportions of the separation layer, fibrous reinforcing material, synttietic resin 
component expadable particles or particles of ttie lightweight elastic material which are charged in the 
40 mold, may be varied In a wide range depending on ttie properties and utilities of ttie objective composite 
molded items. However, what is necessary is ttial ttie amcnts of ttie respective components in ttie mold are 
such ttiat at ttie time of molding cavity do not exist after volume expansion of ttie aggregate of ttie 
expandable particles or tiie particles of tiie lightweight elastic material. 

In particular, it is desirable to use upon proper selection ttie separation layer, fibrous reinforcing 
. 45 material, synttietic resin component expandable particles or particles of lightweight elastic material and 
ottier addlttves so ttiat ttie composite molded Item of ttie present invention may have one of ttie following 
compositions a) toe). 

a) In a subsatntial portion where a core portion is present in ttie composite molded item, ttie core portion 
occupies from about 30 % to about 95 % by volume, and preferably from about 40 % to about 90 % by 

50 volume. . . u .*a4 

b) The specific density at ttie core portion is from about 0.05 to about 0.8 g/ml. and preferably about 0.1 

to 0.6 g/hil. . . 

c) The proportion of ttie synttietic resin in ttie core portion is from about 15 to 70 % by volume, and 

preferably from about 20 to 50 % by volume. 
55 d) In ttie surface portion, ttie total amount of ttie fibrous reinforcing material and ttie separation layer 
occupy from about 30 to 80 % by volume, and preferably from about 30 to 60 % by volume, 
e) In ttie surface portion, ttiere Is substantially no expanded particle nor partide of ttie light-weight elastic 
material. 
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in the molding method of the present Invention, as described eariier. each of components is charged In 
the moid and lhe^i>old is heated \L outside, or when a thermosetting resin Is used wh,ch generates hea^ 
u^n its curing, the temperature of the mold is elevated by the heat ^^^''^ ^^^^Z ^^'JZ 
to firstly expand the expandable particles or to relieve the compress.on appfied to J^Jf * ^ *~ 
Slhtweight elastic material in order to cause volume expansion of the aggregate «f P^f/J^J^^" " 
ntegrated intermediate product comprising a synthetic resin matrix and me particles *spe«ed .n the 
mSx. the matrix component is rendered fluid to cause volume expansion of the ^Sjegate of the pa^es. 

In this case, while volume expansion of the aggregate of the particles » »aking Ptew. at lea^ttw 
synthetic resin component must retain its fluidity. Thus, as the result of volume ex^slon of J 
Sthe particles, the separation layer is pressed in a direction toward the lnr«r 
Se^e time the flow of the synthetic resin component takes place from the .ns.de (core portion) to the 
outside (inner surface of the mold) through the separation layer, or from the outs.de ^ Jje .ns^e. 

As lie result, a dense surface portion is fomied and a core portion composed «« 
particles or particles of the fightweight elastic material and the synthetic '^f^^^'^T^ 
Sultece portion and the core portion are communicated by the same synthetic «sin through the separaOon 
layer to obtain a firmly integrated composite molded item. , » ^ » .^j .« 

' On the other hand, upon molding, excess of the synthetic resir, J 
the mold or drawn out through a vent and then the synthetic resin is cured or cooled »« ^n«^"y "^^^^J^^*^ 
mold IS opened and the composite molded Item thus fom,ed is taken out of the mold by a «n^nf or^ 
technique followed by finishing, if desired, to obtain a final product The composite moWed item thus 

'TL^Z^S^^Z't^ZZo., the core may contain a reinforcing short fiber such as shortcut 
fiber or whiskers, pre-fom^ed flghtweight material, for example, a P«-fo";»d torn, or ofte. ^*ves^ 

As stated in the foregoing, the present invention can give nse to composite moWed items which are 
light in weight and have a high toughness substantially In a single step. • 
^ Accord^ig to the present invention, light-weight tough composite sandwiched '^^"^^"^^ 
be ixodoced with good productivity at low cost The composite moWed articles thus obte-ned can be uMd 
eff JSSyin a Sde range of applications, for example, in the field of sport goods such as canoe pmldles 
mStrici Sirs, fins oTSnd surfing boards (skegs). man-power ^'Vf -^j^^^^f f/^ 
sticks hockey sticks, bats for baseball, sporidess wheels, frames of ^-cycles, and steting toa^s^n tt« 
Zi of vehides such as spoilers, drive shafts. Interiors and exteriors, of automobiles (care buses and 
Sickst iS^L structurafmaterials of transportations, in the field of indusWal ma*tens ^ 
« top plates of heat-exchangers. compressor blades for air conditioner, btedes d ^''^^^ '^"^ 
material support beams, and fittings, in the field of medical apparatus such as wheel chairs (hand nms. side 
S prolectlo;. prosthetic hand and feet and various omer utilities '"^1^-9 P~^'^ 

^es, fumllure. contralHng surfaces, secondary structural materials, reflectors of antennae for sattehte 

"'""SSer. this invention will be explained in detail with reference to examples. -Parts" in the 
examples means parts by wel^t 

Example 1 

This is an example for the production of a plate composite sandwiched core molded product according 

1 ^:^:;i':^lZ^Tscr,^^o resm for producing a plate of 160 mm fong. 60 mm w|de and3 
amJ^eJ^ wHb a ve^t on the upper part and an inlet for injecting « «^"''') P~«/,f 
^te 0^ twowoSnfabrics of glass fiber (WE-181-100BV. produced by Nittobo Co.). each cirt to have a 
^160 7mZg and 60 mm^ wide and have a narrow mesh, were provided and arranged on^hjin^ 
sJL of the mold. After putang the both surfaces together and cla^Pl-^J^!,"""" * ''"^^ ^^^^ 
miSies of vinylidene chloride copolymer (MATSUMOTO MICROSPHERE p^uo^ by Mat 
«m,^o Yushi Seivaku Co) having a mean particle size of from 10 to 20 m and including therein a tow 
hl^ DlSSS«i^h£rS)i^ds upon heating to be converted to microballoons and an epoxy re^'n 
S n^TxtuS^^OTra^MA^E YtHOOe produced by Yuka Shell Epo>^ Co.) in a v«.ght 
fio^rtion of 20/20 was Inlected under pressure into the space between the two sete of the «^ven fataKs of 
dS^fiber through the inlet at the lower portion of the mold using a syringe to a he.ght of 50 mm from the 
bottom of the mold. In this case, the vent on the upper portion was kept open. . ^ .u.^ 

v5.^n fte whole mold was dipped in a hot water bath kept at 90 C. volume expansion of the slurry 
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started after about 13 minutes form the dipping, and a small amount of the slurry was spouted out of the 
vent after 20 minutes from the dipping, which indicated completion of the expansion. 

After 50 minutes, the mold was taken out form the bath, and cooled with water, followed by removing 
the cured molded item. 

5 The molded item was formed with a thin skin of epoxy resin, and the woven fabrics of glass fiber were 
found immediately below and along the skin in a state such that they were pressed onto the foam core in 
the inner layer. Thus, it was confirmed that a molded item with a composite sandwiched core having a 
cross-sectional structure as shown in Rg. 1 was obtained. The product had a specific density of 0.80, a 
flexural strength of 1 1 .7 kg/mm^, and a flexural modulus of 1335 kg/mn>2. 

10 In Rg. 1. symbol a indicates a layer of expanded resin (expanded core) formed by solidification of a 
mixed slurry, symbol b is a set of separation layers bi each composed of two woven fabrics of glass fiber 
and a fibrous reinforcing material b2. symbol c is a cured resin layer constituting the surface portion. 

Separately. MATSUMOTO MICROSPHERE F-30D itself was heated to expand singly and suspended in 
water. The suspension was filtered using the woven fabric of glass fiber. Almost all of the particles remained 

75 on the filter material. 



Example 2 

20 Using the same mold as used in Example 1. two sets of two woven fabrics of glass fiber (WE-181- 
100BV, a product by Nittobo Co.). each cut to a size of 160 mm and 60 mm wide were provided and each 
set was in advance dipped in an epoxy resin (100/30 by weight mixture of EPIKOTE 628^POMATE 
YIJ4006. each produced by Yuka Shell Epoxy Co.) to sufficiently impregnate the resin therein, and then 
affixed on the both surfaces of the mold. Next, a paste-like composition composed of the microballoons 

25 used in Example 1 (MATSUMOTO MICROSPHERE F-30D), inorganic microballoons (SILICA BAUOON Q- 
CEU a product by Asahi Glass Co.), and the epoxy resin having the composition described above in a 
weight ratio of 14:17:69 was dipped up by a spoon and mounted on a side of the moki. The both surfaces 
of the moid were put together and the mold was clamped and placed upright Then, the paste-like 
composition flew down to fill the mold to a height of 65 mm from the bottom. 

30 After the upper vent of the mold was opened, the whole mold was dipped In a hot water bath kept at 
90* C. After about 18 minutes, volume expansion started and a small amount liquid rein was spouted from 
the vent after 25 minutes, which indicated completion of the expansion. After 50 minutes, the mold was 
taken out of the bath, cooled with water and removed from the mold to obtain the objective molded item. 
The product had a specific density of 0.72. a flxural strength of 10.1 kg/mm^, and a flexural modulus of 

as 1387kg/mm2. 



Example 3 

40 This is an example for the production of a rod of a circular section having an expanded core whose 
outer periphery was reinforced with a carbon fiber braid as a center material according to tiie process of the 
present invention. 

Rgs. 2 and 3 illustrate this embodiment More specifically, Rg. 2 is a cross-sectional view showing a 
state In which a metal mold 1 for a rod of circular cross section, a braid 3 made of cartx)n fibers having an 

4S outer diameter of 20 mm lined with an unwoven polyester clotii 2 with a mesh of 10 um was arranged in 
the metal mold 1 and the mold was closed. Then, a paste-iike mixture of particles 4 of vinylidene chloride 
copolymer (mean particle size: 20 um, specific gravity after expansion: 0.02) including tiierein a low boiling 
point hydrocarbon which could expand to form microballoons upon heating at a temperature no lower than 
80'C and an epoxy resin 5 which could start curing at 70 to 80*C was fed by a pump at the lower portion 

50 of the mold 1 and pushed into tiie inside of tiie plate to a lengtii (height) by about 1/3 time or so as large as 
the overall lengtii (height). Thereafter, ttie temperature of tiie mold was elevated to 80* C. After a while, gas 
entraining air bubbles started to come out from a vent 8 provided at ttie upper portion of the mold, and 
liquid epoxy resin was spouted. 

After 2 hours, the mokl was cooled down to obtain a composite molded item. The molded item thus 

55 obtained was taken out by opening tfie mold. 
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This is an example for the production of a plate composite sandwich core molded item according to the 

'^:::.S":^rrUi with a vent on the upper person thereof and adap^d for prod"C.g p.^- 
of a si» of «0 m^ long. 60 mm wide and 10 mm thicic was provided. As the reinforcing matenal a gl^ 
lrS5 a mickness of 3 mm was provided whteh was obtained by cutting -'^^•<^^^ 
fiber to two sets of two pieces, one being of a size of 160 mm long and 60 mm wide, and «he ottier be«^ of 
alto of 60 mm and 120 mm wide. One piece from each set was laminated wrth each other so mat fte 
irSon oToZtSS, of g^ fiber in one piece crosses at right angles to that in ^o^-^P^^'^^'^ 
fom, two sheets of glass fiber, which sheets were then cut to stripes having a s«eo 120 "^"^ I°"9 andlOO 
mrS^paratel a separation layer was provided which was prepared by fom,.ng a bag^*e smic^^ 
Zng a size d 150 mm long. 55 mm wide and 7 mm thick using a urethane foam sheet containing open 
thus contracSon and expansion properties. Inside the l«g -"-9^ 8 ''^^ 
expandable partcles of polystyrene (ESLENE BEAD HE type, a product of Sek.su. "^hj L^. ^ 
T^rc, resin (a 10031 .rtxture of EP1K0TE 828EPOMATE YLH006. a pn^du^ by Yuka Shell Epoxy Co.) 
in a we^ht ratio of 50/50. and the upper portion of the bag was sealed "^^J^J^^'l^^-^^^^ , 

On the inner surface on the side of the cavity in the mold, a set of the n^erial 1 was 

arraSU Then, the epoxy resin having the aboveKJescribed compos tlon ^ 
^al arrang^ usinba brush. On the thus-coated reinforcing material was placed the aboveKl^t»d 
^mi rSSy was set thereon using a brush. Ibltowed by laminaUng thereon another set of the 

'^'rji^r'piaresssss^^i'-^^^^^ 

in the air. After 5 minutes. s;.uting of a small amount of liquid started^After '"'""^-JT^"'^ ^ 
Lten out Of the bath and colled with water, and then the moW ^'as opened to remove J 

The molded item had a thin skin of the epoxy resin on the both surfaces. The glass 
materi^ and sheet-like urethane foam undertay immediately below and akjng the skin in a state pressed 
^^i^o^l^lr«^r layer, and It was confim^ed that a composite sandwiched core moWed 
item was obtained which had a cross section as shown in Rg. 1. 



00 Example 5 

An ep'oxy resin and a curing agent produced by Shell Co.. i.e. EPILOTE 807 (100 parts) and EPOMATE 

"TpSr^i" "r^p?^^^^^^ by --mo. Jjshi Seiyaku 
35 hollow bead Q-Cell 575 (22 parts) produced by AsaW Glass Co. were mixed to form an expandable mixture 

^' on the other hand, unwoven fabric made of fibers of polyethylene ^'^f;^'"^.f;^J'^ 

ie unwoven fabric of available under trademari< "UNICEU" was provided. Using this "^J^ria^ a bag 

h^tl^TTze Slightly smaller than the inside dimension of the moW was made. The expandable modure B 

" '^"B^2nto""ium plates was made a mold .nsar«ng ^^r^^elf ^SScS^sSeS of 
thtekness of 3 mm. Nozzles were provided on the upper and tower ends thereof. fa«P«*^'y-f 

« as the moW.'and eight sheets of oblong (nanow tablet-form, 9'-^^^ •^^"S,^ 
lenom as the moM and the same width as that of the nozzle were prepared. Us ng ttie larger glass 
^ Si giS SZxpandable mixture B packed in the bag/glass cloth were charged in *is OKleMn me 
mow T^rsmaller glSs cloths were superimposed at the position where the nozzles '° jovered 
Te me upiTand lower ends were filled merewim. Excluding one of.me nozzle portior|s. me IquW resin A 
eSiy ~ated on me glass cloms and me mold was closed. Usi.^ mat nozzle, the mside of the 
Tw^^S^an. me mold was dipped In a hot water bam at 90*C entirely and me nozzles was 
so rgS;^^SS*t.!r?n^* pressure tumL' positive to -J ^'jJ-f.^^SS^^^ 

Atter 1 hour, me mold was taken out from me bam and cooled down. Thereafter, a molded produrt wa^ 
takei oi fl me mold. Thus, a lightweight good sandwiched material ha«J« f^^l^Te ^1 h^ 
^r-reinforced epoxy resin and an inner layer of an expanded epoxy resin "^^^^ "^^^ ^ 
a siS^SIsity ofO.89. The results of bending tests are as foltows; a flexural strengm: 20.7 kg/mm». and 
55 a flexural modulus: 1357 kg/mm*. 
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An epoxy resin and a curing agent produced by Shell Co.. I.e. EPIKOTE 807 (100 parts) and EPOMATE 
YLH006 (31 parts) were mixed to form a liquid resin A. . ^ m.^ 

on me other hand, commercially available polypropylene beads PB-MGISP was obtoned as the 
particles of the lightweight elastic material. The particles were left to stand so that they could ^J'So ^o 
SSmlTexpansion. The apparent density of the beads was about 0.05 g/cm*. The beads were provided .n 

^ T^"l2e^mSS*were provided which were adapted to produce fin-shaped models t«^g a ^ize °f 
most 120 mm wide, at most 350 mm long and at most 14 mm thick. The mold ''^J^'^^"^ 
on the upper and lower portions thereof. Six sheets of glass cloth were prepared whose size wasad^ 
fbr the mow. A bag having a size adapted for the mold was prepared with P^'^fT*^ 
"UNICEU. BT-400". in which the abovedescribed polypropylene beads were charged and me oag was 



15 



SO 



The polypropylene beadnncorporated bag was coverBd with the glass 
housed in me mS. Then the mold was sealed. Pressure was applied to the mold «'«h.n*ogeng« sottal 
the inner pressure of the mold reached 1.5 kg/cm*. In this state, the epoxy resin was injected irrto tt» mold. 

rSnT^Led in from the tower nozzle and allowed to flow out from the upper "C^le^TJan ^ 
no^was chaiged to a sBghtiy opened state and it was closed while the resin was st.ll coming out 

*''?hTmold containing the resin was dipped in a warm bath kept at 70* C to cure the r«in. After ^ning 
for 1 hour, the mold was taken out from me wami bam. After cooling molded ,tem was taken out ftom me 
mold. A good model was obtained wWch had a specific gravity of 0.8. 



Example 7 

An unsaturated polyester resin. "YUPIKA X-314- (100 parts), a curing ^^''^^l^^*' 
(peroxkle) (1 part) and a promoter "PRM" (cobalt catalyst) (0.5 part) were mixed to form fj'^"'^ °V 
^TsameZanded polypropylene partteles as mose used in Exampe 6 (3 parts) and inorgante hoHow 
balloon M28 produced by Asahi Glass Co. (1 part) were mixed to fom> a mixture C. ^^„^rt 

^e same polyester/polypnjpylene unwoven ctom. -UNICEU.". used in Bcampte ej^J^Pj^JJ 
pre^ a^ haJng a stee slightly smaller man me inside dimenston of a moW to be used. The mixture C 

"^oSfeSirh^S. a mow was fom,ed by inserting a TEFLON (PTFE) ^ame between J^^^^^'^lir 
Dlat^ and me moW was provWed w«h nozzles on me upper and tower ends mereof.S« sheets of glass 
cto^as^Trme mow. and eight sheete of obtong (narrow teblet^mj) glass c^m Ju^«n9 me^^^^ 
tengm asttTe mold and me same widm as mat of me nozzte were prepar^ H^? ^l^"?; 
gl^clom/expandable mixture C packed in me bag/glass clom were charged .n «^ "'^'J- ^ 

Laller glass ctoms were superimposed at me position where me nozzles were Jo be co^^*"*^* 
uooer and tower ends were filled merewim. The liquid resin B was pressed into me moW ir» me same 
Zner « inSilS 1 . and me moW was dipped in a warn, bam at 70 ' C. Then pressure was dis^rgeA 
hour, me mow was taken out frem me bam. After cooling, a moWed item was teken out from me 
mold^i a g^lightweiflht sandwiched material having an inner lay^ of me -J^^^^j'Z, 
id poly^r. The Iwed item had a flexural strengm of 62 kg/mm* and a flexural modulus of 480 
kg/mm^. 

Example 8 
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Polypropylene beads PB-MGI5P (produced by JSP Co.) were obteined^Tlje beads ^^J^'°^^ 
mat mey could undergo no memnal expansion. The apparent density of me beads was aj"^ ^"^^ 
TlSeZds were particles having a property of undergoing reduction in size when «mpressed and 
n»««rinn ttiair oriainal volume when me pressure was relieved. The beads are named phh. 
"T^SZ Sn an^a^ng agenfproduced by Shell Co.. i.e.. EPIKOTE 1001 (Jis -t^ 
mem,o pS (70 parts). EPIKOTE 348 (30 parts), phmallc anhydride (30 parts) f^.^POM^^^H 
n oart) were mixed^ BO* C to fomi a mem^o-fusing resin A. PPB (50 parte) and Resin A (100 parts) were 
^SSTS'cZi me mixture was charged in a moW preheated to 80' C. The >«« c«.^ 
^ ^essure Of 7.5 kg/cm^ and men immediately cooled in me refrigerator. Then, me moW was opened 
to obtain a sheet of about 5 mm thick. This sheet was called an intennediate matenal B. 
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A mold was prepared by Inserting TEFLON (PTFE) frame of a thickness of 3 betwf n tvw 

Small amounts of the resin and of gas were overflown from "^''fJ^JT^"^^^ J 
one. This was done almost at the same time. After heating it for 1 hour. «f 
JL »«h moled followed by taking out a molded ftem from the moW. Thus, a good sandwicneo 

a flexural modulus of 397 kg/nim*. 
20 Example 9 

A phenoxy resin having the following chemteal structure was provided. The resin showed fluidity at 
140* C upon experiment 



10 



IS 



2S 



30 



CH, H 



CH3 OH 



MICROSPHERE F-80SD (Matsumoto Yushi Seiyaku Co.) (50 parts), inorganic hollow balloon M28 
Intermediate material D. .ncprtina a TEFLON (PTFE) frame between two aluminum 

" length as the mo« and same - ^'^^^^ Jll]^.^^^^ p^are a bag whose size was 

Polyester/polypropylene unwoven do*. tJNlCElJ. "T.^^^^ZHmw into consideration the 

SSSS^tt^m had a flexural strength of 23.2 kg/mm* and a modulus of elastiaty of 963 kgAnm^. 



55 
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^ Epoxy resin EPIKOTE 1001 used in Example 8 is a resin which has a pour point of no higher than 
80 C and which in itself shows thermoplastic property. Using this resin alone, similar trial production was 
performed. 

As the ressin was used EPIKOTE 1001, and this was mixed with PPB in a ratio of 100:100. After fusing 
s the mixture at 80* C. pressure of 7.5 kg/cm^ was applied to for a sheet-like intermediate material which 
was sandwiched by glass cloths and then housed in a mold. The mold was dipped in a warm bath kept at 
100 'C, and heated. The sample obtained was similar to that obtained in Example 8. The sample had a 
specific gravity of 0.45 g/cm^, which value was smaller than the sample obtained In Example 8. On the 
other hand. In the case of EPIKOTE 1001 (100 parts). PPB (100 parts), glass beads M28 (50 parts) were 
w mixed, the product had a specifk: gravity of 0.42. which means that the vireight became lighter. As for the 
sizes of the expanded material and of the hollow material, the latter was remarkably small, and It was 
supposed that the cavity to be filled by the former was filled by the latter. 



IS Examples H to 13 and Comparative Examples 1 to 6 

In this example, comparison was made between a monolithic molded item In which the reinforcing fiber 
was localized Immediately below the surface and expanded substance was kx:alized In other portions, and a 
molded item in which immediately below the skin were the expandable substance and the resin and on the 

20 other hand the reinfordng fiber and the resin were tocallzed almost in the central portion, a molded item In 
which the reinforcing fiber was tocallzed immediately below the surface and the expanded substance was 
present in the reinforcing fiber or a molded item In which the irelnfbrcing fiber which would have been 
arranged Immediately below the surface was omitted. 

Epoxy resin and curing agent produced by Shell Co., i.e. EPIKOTE 807 (100 parts) and EPOMATE 

25 YLH006 (33 parts) were mixed. This was called Resin A. 

MICROSPHERE F-500 produced by Matsumoto YushI Seiyaku Co. (20 parts). Resin A (40 parts) were 
mixed. The mixture was called mixture 8. 

A mold was prepared in advance, which was a mold made of two aluminum plates and a TEFLON 
(PTFE) spacer and provided with a liquid outlet on each end. The thickness of the spacer was 3 mm. 

30 Glass fiber cloth, MS253E-1040-2NT-10FS (plain weave), produced by Asahi Rber Glass Co. was cut in 
accordance with the moid. On this was superimposed unwoven fabric. UNICELL BT0404 produced by 
Unicell Co., which was cut to the same size as the plain weave fabric. Resin A was coated on one mold half 
in a small thickness, and the above^lescrlbed glass cloth/Unwoven fabric was housed in this mold half 
fittedly and such that the glass cloth was faced outside. At the positions of the upper and lov^r nozzles, 

35 eight pieces of the glass cloth which was cut so as to have a width of 20 mm were incorporated and the 
mixture B was charged therein in the same manner. The other mold half was coated with the resin A, and 
the sheet having the same structure as above was housed therein so that it was substantially sticked thereto 
and that the glass cloth layer was faced outside. Then, the moid half was turned upside down and mounted 
on the mold half which contained the mixture B. The mold was closed and dipped in a wamn bath kept at 

40 110 'C and heated while discharging excess of the resin and air. The resin was cured while discharging 
excess of the resin and air. After 1 hour, the mold was taken out from warm the bath. After cooling, a mold 
item was taken out from the mold. The sample obtained had a thickness of 3 mm, a density of 0.76 g/cm^, 
and was a monolithic molded item of epoxy resin in which glass cloth was present Immediately betow the 
surface and expanded balloons in other portions. This was called Sample (a). 

45 Similarly, a monoithic mokied Hem was obtained except that unwoven fabric UNICELL BT0404 was 
omitted. In this sample, expanded balloons were found in the surface. This was called sample (b). 

Instead of MS364E-104O-2NT-10FS. glass fiber cloth WF-18-100BV (satin weave) produced by Nittobo 
Co. was cut in accordance with the mold. A sheet of unwoven fabric UNICELL BT0404 which was cut in the 
same manner was superimposed thereon to obtain a molded item In the same manner as Sample (a). This 

50 was called Sample (c). The moMed item similar to Sample (a) was obtained. 

The molding process was performed in the same manner as Sample (c) except that UNICELL BT0404 
was omitted. The samie obtained as called Sample (d). This mokied item had an appearance similar to that 
of Sample (a). 

MS253E-1040-2NT-10FS, produced by Asahi Rber Glass Co, was cut In accordance with the mold. 
55 UNICELL B00404 was cut to the same size and superimposed thereon. In one mold half, the mixture B was 
coated, and the glass cloth and UNICELL were mounted thereon, on which the mixture B was mounted. In 
the other moW half, the mixture B was coated in the same manner as above and mounted on the former 
mold half after turning it upside down. The mold was closed and was dipped in a warm bath kept at 1 10* C 
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and heated while discharging excess of the resin and air. The resin was cured while discharging excess of 
the resin and air. After 1 hour, the mold was taken out from warm the bath. After cooling, a mold item was 
taken out from the mold. Thus, a lightweight molded plate was obtained which had the epoxy 
resin/expanded balloon in the surface and glass-fiber-reinforced epoxy resin in the layer. This was called 

sample (e). _ . 

A sample was prepared \n the same manner as Sample (e) except that UNICELL was omitted. This was 

Smple was molded in the same manner as Sample (e) except that glass fiber cloth WF-181-100B 
produced Ijy Nittobo Co. was used In place of MS253E-1040-2NT-10FS produced by Asahi Rber Glass Co. 

This was called Sample (g). . ^. 

A sample was prepared In the same manner as Sample (g) except that UNICELL was omitted. This was 

*^^N^Ll.%T0404 was cut in accordance with the mold and housed in a mold half coated with the resin 
A. On this was placed the mixture B. On the other mold half was coated with the resin A similarly and 
UNICELL BT0404 was sticked thereto. This mold half was turned upside down and mounted on the former 
mold half. The mold was closed and was dipped In a warm bath kept at 110 C and heated wWIe 
discharging excess of the lesin and air. After 1 hour, the mold was taken out from the bath. After cooling, a 
molded item was taken out from the mold. Thus, a lightweight molded plate was obtained which had *e 
UNICELL/epoxy resin In the surface and expanded balkwn/epoxy resin in the inner layer. TWs was called 

Sample (i). . . 

Using Instron testing machine, bending tests were conducted and the results obtained are shown in 

Table betow. 





Example 


Sample 


Maximum load 


Breaking load 


Modulus 


Elongation at 


25 


(kg/mm2) 


(kg/mm^) 


(kgrninri^) 


break (%) 




Boll 


(a) 


13.0 


11.8 


705 


2.5 




Ex.12 


(c) 


18.4 


16.9 


947 


Z2 




Ex.13 


(d) 


19.5 


19.3 


914 


Z6 


30 


C. Ex. 1 


(b) 


10.8 


9.1 


603 


2.1 


C. Ex.2 


(e) 


1.5 


1.1 


118 


Z3 




C. Ex.3 


(0 


9.3 


8.1 


458 


2.4 




C. Ex.4 


(g) 


2.7 


2.1 


164 


2.7 




C. Ex.5 


(h) 


2.0 


1.8 


149 


1.7 


35 


C. Ex.6 


(i) 


0.7 


0.3 


30 


2.9 



From these Examples and Comparative Examples, it is apparent that in the case where the glass fiber 
cloth WF-181-10BV (satin weave) produced by Nittobo Co. was used, the separation membrane served as 
the reinforcing fiber as well, and the reinforcing fiber played the role of the separation membrane to prevent 
the passage of the expanded miaoballoons. Example 13 (Sample (d)] was an example in whldi the 
separation membrane and the reinforcing material were the same, and Example 12 (Sampte (c)] confirmed 
this In the case of MS253E-1040-2NT-10FS (plain weave) produced by Asahi Rber Glass Co.. the particles 
we^ not prevented and the separation membrane used was unwoven fabric. UNICELL BT0404. and in this 

^ example, the reinforcing fiber was used separately. Example 11 (Sample (a)J is to exemplify this case and 
Comparative Example 1 (Sample (b)J con finned this. Further, in Comparative Examples 2 to 5 [Samples (e) 
to (h)1 the reinforcing fiber was localized immediately below the sWn and expanded substance m other 
oortions Thus these examples demonstrate that separately localization is important for the physfcal 
properties of the molded items. Comparative Example 6 (Sample (1)1 shows that contribution of the unwoven 

^ fabric UNICELL BT0404 used as the separation membrane as the reinforcing material was negligible. 



Example 14 

* This is an example which is intended to demonstrate that appropriate separation membrane varies with 
varying expanded beads and in which woven fabric is used as the separation membrane. 

Thennoexpandable extended beads produced by Matsumoto Yushi Seiyaku Co.. MICROSPHERE F- 
SOD and EXPANCEL-481 produced by Nobel Ind.) were provided. Both of them were expandable at 100 to 
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110' C. Hereinatter. they are abbreviated as F-50D and EXPANCEL-461 • ^ ^ cdimatf vi mnft 

Epoxy resin and curing agent produced by Shell Co.. EPIKOTE 807 (100 parts) and EPIMATE YLH006 
r3l oarts^ were mixed. This was called Resin A. ^ « . « /^aa i«\ 

SnM?00 parts) and F-500 (100 parts) were mixed. TOs was called Mixture B. Resin .8 (100 parts) 
and EXPANCEL-461 (100 parts) were mixed. This was called Mixture C. . ». . 

fmold^liUf^ inserting a TEFLON (PTFE) frame t«tween two aluminum plates. N««zles 
were provided on the upper and lower ends thereof, respectively. ,.^„„ erasioj were 

UNCELL (unwoven iebnc BT0404) and Nylon Tafia (woven fabric. ShlrasaWKogyo. Sl^) v«« 
provided and bags were fom^ed with these fabrics. The mixtures 8 and ^ were charged tatt^eb^ 
re^ctively. UNrCELUMlxture 8. Nylon Tafta/Mixture B. UNICELLA^ixtt^re C and Nyton ja^^^ 
we^ call J. intermediate materials (1). (2). (3) and (4). respectively. On fl^^^f'^^'^l^^^^ !^ 
MS253E-1040.2NT-10FS produced by Asahi Rber Glass Co. was provided. Two sheets of the Qlassdoft 
aTterge as the mold, and ten sheets of the oblong (narrow tabtet-fom.) glass do* having ^« tej^ 
and^dth as those of the mold and wide enough to cover the ^^^j;:^'^^^^,;^'^ 
cloths, glass dotWintemiedlate materials (1) to (4yglass cloth were charged in this ordw in themoW. The 
smalter glass cloths were superimposed at the position where the nozzles were to be covered. I.e.. the 
upper and lower ends, were filled, with the smaller glass cloths superimposed one on another, 
^■^sing the both nozzles, the inside of the mold was evaluated. T»«n. the mold was ^n^^lff SS, IS 
sincone oil bath Icept at 110* C and heated. Small amounts of the resin and of gas were o^e-flown «rom the 
Ses amHte nLes were closed one by one. This was done almost at me s«ne time After 
^TL, the mold was taken out from the warm bath and cooled, followed by ^'^ ^J"^^J2 
Zm the ;old. The molded items obtained using the intem>ediate materials ( ). (2) ^^^.^itZ 
dass fiber-reinforoed epoxy resin in the surface thereof and the epoxy resin having dispewKl tfierem 
exuded beads in thrinner layer and were found to be good san^iched comp«ite On me 

SnU. in the molded item using the intemiediate material (3). the expanded beads ^peered on the 
^Smeroof. in the case where F^OD was used, both UNICELL and Nylon Tafta revealed to be a good 
^«l^mbrane. However, when EXPANCEL.461 was used. UNICELL did not exhibit a function of the 

"'^er^^^Zu'C^irie'L material (1) had a specific gravity of 0.63. a «-a. strengm.of 
9.7 Sm^.t,d a f lexura^modulus of of 883 kgM,m*. that using the 'nte.™«<l'^«^J) ^ ^J^^ 
graS of 0.74. a flexumi strength of 9.6 kg/mm^. and a flexura modulus d ^1^. ^ 
Lnnediate material (3) had a specific gravity of 0.80. a flexural strengm of 12.5 kgAnm'. and a flexural 
modulus of 886 kg/mm^. 



3S 

Exmple IS 



This is an example in which square bar was prepared. 

A moW^aving a cross sectlon.of 20 mm x 20 mm and a length of 500 mm was prepared. The moW 
40 was provided with a nozzle on each end. 
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Epoxy resin 

An epoxy resin. i.e.. EPIKOTE 807 (100 parts), and a curing agent. i.e.. EPOMATE YLH006 (31 par^ 
both prSuori by Shell Co.. were mixed to fom, a liquid resin A. The amount of the resin was 393 g. On 
5?oSrhS.^meroially available polypropylene beads PB-MG15P was obtained ^ ^ ^^J^ 
me Swelght elastic material. The partteles were left to stand so mat mey could ""^e^o mem,a^ 
Z apparent density of mVbeads was about 0.05 8/cm3. tt« b^. whteh had elasttalty and 
could recover me original state if compressed, were provided In an amount of 10 parts. 

A to^Saving a peripherel lengm of 80 mm was made of UNICELL BT0404. in. whteh a half amount of 
the above-described polypropylene beads was packed. 

^TtSS. tuSe^cS wim me polypropylene beads was covered^m t*o teyers of ca^ fib^ 
braid and a single layer of glass fiber breid. The braids used were Toreca T.3964 and Toreca T^. and 
ttle glass fiber braids used were Atkins and Beere #9273. The breids were supenmposed in me order of T- 

^'**ifh?te^iS^^w2^housed in me above-described mold and me rest half of me polypropylene beads 
was pressed. Into me mold, and the tube of UNICELL and the mold were closed. 
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The mold was placed horizontally, and the Inner pressure was reduced with a vacuum pump to 
substantially attain complete vacuum once, and then pressurized using nitrogen. The mold was kept at a 
pressure of 1.5 kg/cm^ and the liquid resin A was pressed thereinto. When overftow of the resin was 
confirmed, charging of the resin was stopped. 

The mold was dipped In a warm bath kept at 70* C and pressure venting was perfomied while 
discharging the resin. After 1 hour, the mold was taken out from the warm bath. After cooling, a molded 
item was taken out from the mold. Thus, a lightweight square bar was obtained, which was composed of the 
carbon/glass fiber reinforced epoxy resin in the surface and the epoxy resin having dispersed therein 
expanded polypropylene. The spedfic gravity of the molded Item inclusive the sWn was 0.56 g/cm^ 



Example 16 

This is another example for the prodcution of the fin (skag) of saiRng board. 
16 A mold for the fin of a sailing board was prepared with a resin In advance. A liquid outlet was provided 
on each end of the mold. The mokj used was of two-split type, each having a maximum width of 120 mm, a 
maximum length of 350 mm and the mokJ had a maximum thickness of cavity of 14 mm. The mold was 
provided with a nozzle on each of the upper and lower ends. 

An epoxy resin, Le.. EPIKOTE 807 (100 parts), and a curing agent i.e.. EPOMATE YLH006 (31 parts). 
20 both produced by Shell Co., were mixed to form a liquid resin A. 

MICROSPHERE F-30D produced by Matsumoto YushI Seiyaku Co.. (20 parts) and inorganic balloons 
M-28 produced by Asahi Glass Co. (10 parts) were mixed. The resulting mixture was mixed with about 1/3 
of the resin A. The mixture was called Mixture B. 

A piece of plain weave union fabtic of carbon fiber cloth T^O produced by Toray Ind. and aramlde 
25 fiber TECNOLA produced by Teijin Umited, two pieces of glass fiber cloth WF-1 81-1 OOBV produced by 
Nittobo Co. and a piece of polyester unwoven fabric UNICEIX T-4040 were cut in accordance with the mold 
and laminated one on another. Two sete were combined to iom a cavity, in which the mixture B was 
Introduced. The resulting material was housed In the moW for molding. After clamping the mold, the 
remainder of the resin A was poured into the fiber layer In the mold while discharging air therefrom. The 
30 pouring was continued until overflow of the resin was confinmed. 

After ctosing one of the liquid outlet and the mold was dipped in a warm bath kept at 80 C and heated, 
with the other liquid outlet which was still open being positioned upward. After 1 hour, the moW was taken 
out from the bath. After cooling, a molded item was taken out from the mokJ. Thus, a beautiful, fashionable, 
lightweight fin having good characteristics was obtained, which was composed of a surface of the epoxy 
35 resin, an outer shell of the carbon fiber/aramide fiber glass fiber-reinforced epoxy resin, and a core of the 
expanded particles of inorganic beads and microspheres. 



Example 17 



40 



A mold having a cross section of 20 mm x 20 mm and a length of 500 mm was prepared. The mold 
was provided with a nozzle on each end. 

An epoxy resin. I.e.. EPIKOTE 807 (100 parts), and a curing agent i.e., EPOMATE YLH006 (31 parts), 
both produced by Shell Co.. were mixed to form a liquid resin A. 

Commercially available MICROSPHERE MOD produced by Matsumoto Yushi Seiyaku Co. was 
obtained and 20 parts of this was mixed with inorgante balloons M-28 produced by Asahi Qlass Co. (10 
parts). 

A tube was prepared with UNICEU BT0404. in which 1/2 volume of the above-described mixed bead 
was packed. The UNICELL tube packed with the polypropylene beads was covered with two layers of 
carbon fiber braid and a single layer of glass fiber braid. The braids used were Toreca T-3964 and Toreca 
T-3484. and the glass fiber braids used were Atkins and Beers #9273. The braids were superimposed in the 
order of T-3484. #9273 and T-3984. 

The laminate was housed in the above-described mold and the remainder of the mixed beads was 
pressed Into the mold, and the tube of UNICELL and the mold were ckDsed. 
55 The mold was placed horizontally, and the Inner pressure was reduced with a vacuum pump to 
substantially attain complete vacuum once, and then pressurized using nitrogen. The mold was kept as it 
was and the liquid resin A was pressed thereinto. When overflow of the resin was confirmed, charging of 
the resin was stopped. 
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The mold was dipped in a awrm bath kept at 70* C and curing was performed while discharging the 
resin. After 1 hour, the mold was taken out from the warm bath. After cooling, a molded item was taken out 
from the mold. Thus, a lightweight square bar was obtained, which was composed of a surface of the 
carbon/glass fiber-reinforced epoxy resin and an inner layer of the epoxy resin having dispersed therein 
expanded particles of inorganic balloons/mlcrospheres. The specific gravity of the molded item Inclusive the 
skin was 0.62 g/cm^. 



Claims 

1. A process for the production of an integral composite mokjed item comprising 

(I) a surface portion comprising a synthetic resin phase containing a fibrous reinforcing material. 

(ii) a core portion comprising the synthetic resin phase containing bubble-containing particles, and 

(iii) a separation layer positioned between the surface portion and the core portion, 
the process comprising the steps of: 

(a) providing In a substantially sealed mokl a separation layer whteh does not substantially pass 
therethrough expandable particles or compressed lightweight particles of an elastic material but which is 
capable of passing a synthetic resin or its precursor that Is liquidized at the time of molding; 

(b) providing the synthetic resin or its precursor In the mold; 

(c) arranging a fibrous reinforcing material between the separation layer and the mold, integrated with the 
separation layer or separately but associated therewith: 

(d) providing an aggregate of the expandable particles and/or compressed particles of the lightweight 
elastk: material on a side of the separation layer opposite to the side of an inner surface of the mold; 

(e) causing volume expansion of the aggregate by elevatton of temperature to thereby expand the 
expandable particles or relieving compression urged on the compressed lightweight particles to thereby 
expand the lightweight particles; 

(f) flowing the liquidized synthetic resin or its precursor through the separation layer to spread it over 
between the separation layer and the mokJ, and among the expanded particles, or among the particles of 
the lightweight elastic material while pressing the separation layer onto the Inner surface of the moW as 
the result of volume expansion in the step (e) above; 

(g) completing fonnation-solidificatlon or solidification of the synthetic resin to form a surface portion and 
a core portion; and 

(h) taking out the resulting composite molded item. 

2. A process for the production of an integral composite molded Item comprising 

(1) a surface portion comprising a synthetic resin phase containing a fibrous reinforcing material, 

(ii) a core portion comprising the synthetic resin phase containing bubble-containing particles, and 

(iii) a separation layer positioned between the surface portion and the core portion, 
the process comprising the steps of: 

(a) providing In a substantially sealed mold a separation layer which does not substantially pass 
theretiirough expandable particles but which is capable of passing a tiiermosetting resin or its precursor 
tfiat is Dquidized at tiie time of molding; 

(b) providing the tiiermosetting resin or its precursor in ttie mold; 

(c) arranging a fibrous reinforcing material between ttie separation layer and tiw mold, integrated with tiie 
separation layer or separately but associated tiierewitti; 

(d) providing an aggregate of ttie expandable particles oh a side of the separation layer opposite to tfie 
side of an inner surface of tiie motel; 

(e) causing volume expansion of ttte aggregate by elevation of temperature to thereby expand the 
expandable particles; 

(f) flowing tiie liquidized ttiermosetting resin or its precursor ttirough ttie separation layer to spread it 
over between the separation layer and ttie mold, and among ttie expanded particles, while pressing ttie 
separation layer onto tiie Inner surface of the mold as ttie result of volume expansion In the step (e) 
above; 

(g) curing the themiosetting resin or its precursor to complete solidification ttiereof to fonn a surface 
portion and a core portion; and 

(h) taking out ttie resulting composite molded Item. 

3. A process for the production of an Integral composite molded item comprising 

(i) a surface portion comprising a syntiietic resin phase containing a fibrous reinforcing material. 

(ii) a core portion comprising tiie synttietic resin phase containing bubble-containing particles, and 
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(III) a separation layer positioned between the surface portion and the core portion. 

the process comprising the steps of: ^ 

(a) providing in a substantially sealed mold a separation layer which does not substantially pass 
therethrough compressed lightweight particles of an elastic material but which is capable of passing a 

5 thermoplastic resin or thermosetting resin that is liquidized at the time of molding; 

(b) providing the thermosetting resin in the moid; 

(c) arranging a fibrous reinforcing material between tiie separation layer and the mold. Integrated wMi the 
separation layer or separately but associated ttierewith; 

(d) providing an aggregate of \he compres^ particles of the lightweight elastic material on a side of the 
10 separation layer opposite to ttie side of an inner surface of tine mold; 

(e) causing volume expansion of ttie aggregate by relieving compression urged on the compressed light- 
weight particles to thereby expand tiie lightweight particles: 

(f) flowing tiie liquidized resin ttirough the separation layer to spread it over between the separation layer 
and ttie mold, and among the particles of the light-weight elastic material then«elves while pressing the 
separation layer onto ttw Inner surface of ttie mold as tfie result of volume expansion In tfie step (e) 



T5 



above; 

(g) completing solidification of tiie resin to fonn a surface portion and a core portion; and 

(h) taking out the resulting composite molded Hem. 

4. A process for ttw production of an Integral composite molded Item comprising 

20 (i) a surface portion comprising a syntiietic resin phase containing a fibrous reinforcing materiaf, 
(ii) a core portion comprising tiie synthetic resin phase containing bubble<ontaining particles, and 
(Hi) a separation layer positioned between tiie surface portion and tiie core portion, 
ttie process comprising ttie steps of: ^ 

(a) providing In a substantially sealed mold a separation layer which does not substantially pass 
tiierettirough expandable particles but which is capable of paasing a ttiemnoplastic resin ttiat is liquidized 
at ttie time of molding; 

(b) providing tfie thermoplastic resin In tfie mold: 

(c) arranging a fibrous reinforcing material between the separation layer and the mold, integrated witti ttie 
separation layer or separately but associated ttierewith; 

(d) providing an aggregate of ttie expandable particles on a side of ttie separation layer opposite to ttie 
side of an inner surface of the mold; 

(e) causing volume expansion of ttie aggregate by elevation of temperature to ttiereby expand ttie 
expandable particles: 

(f) flowing ttie molten thermoplastic resin ttirough ttie separation layer to spread it over between ttie 
separation layer and ttie mold, and among ttie. expanded particles ttiemselves while pressing ttie. 
separation layer wto ttie inner surface of the mold as ttie result of volume expansion In ttie step (e) 
above* 

(g) completing solidification of ttie ttiemioplastfc resin to form a surface portion and a core portion; and 

(h) taking out the resulting composite molded item. 

5. A process as claimed in any one of Claims 1 to 4. wherein tfie separating layer is a structural material 
integrated with ttie fibrous reinforcing material. 

6. A process as claimed in any one of Claims 1 to 4. wherein ttie separating layer is a material selected 
from tfie group consisting of woven fabfcs. knitted fabrics, unwoven fabrics, webs, paper, metal gauzes and 
porous membranes which passes substantially none of ttie expandable particles nor ttie compressed 

4S particles of ttie lightweight elastic material. 

7. A process as claimed in any one of Claims 1 to 4. wherein ttie fibrous reinforcing material Is a matenal 
selected from ttie group consisting of woven fabrics, knitted fabrics, unwoven fabrics, unidlrectionally 
oriented filaments and webs. 

8. A process as claimed in any one of Claims 1 to 4, wherein ttie fibrous reinforcing matenal is at least one 
so fiber selected from ttie group consisting of glass fiber, cartwn fiber, silicon cariDide fiber, metal fiber. 

aramlde fiber, polyailylate filler, polyolefin fiber, nylon fiber and polyester fiber. 

9. A process as claimed In any one of Claims 1, 2 and 4. wherein ttie expandable particles are capabte of 
undergoing volume expansion by heating and include therein bubbles after expansion. 

10. A process as claimed in any one of Claims 1. 2 and 4. wherein ttie expandable particles have a mean 
55 particle size of from about 1 um to about 5 mm. 

11. A process as claimed in any one of Claims 1. 2 and 4. wherein ttie expandable particles are capabte of 
undergoing volume expansion of at least 10 % by heating. 

12. A process as claimed in any one of Claims 1. 2 and 4. wherein ttie expandable particles comprises 
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polyvinylidene chloride, polystyrene or polystyrene copolymer, polyolefin or polyphenylene oxide 
copolymer. 

13. A process as claimed in Claim 1 or 3, wherein the particles of the lightweight elastic material have a 
mean particle size of from about 50 urn to about 10 mm in a non-compressed state. 
5 14. A process as claimed In Claim 1 or 3, wherein the particles of the Rghtwelght elastic material can 
recover their volume by relieving compression applied thereto to a level from about 10 % to about 100 % 
based on an original volume thereof. 

15. A process as claimed in Claim 1 or 3. wherein the particles of the lightweight elastic material is formed 
of polyolefin, polyethylene, natural rubber or synthetic rubber, 
ro 16. A process as claimed In any one of Claims 1, 3 and 4. wherein the thermoplastic resin Is molten at a 

molding temperature. 

17. A process as claimed in any one of Claims 1, 3 and 4. wherein the thermoplastic resin shows fluidity at 
a temperature of from about 70' C to about 230* C. 

18. A process as claimed in any one of Claims 1. 3 and 4. wherein the thermoplastic resin is polyolefin, 
rs polystyrene, crystalline liquid polyallylate resin or phenoxy resin. 

19. A pro<»ss as claimed In Claim 1 or 2. wherein tiie thennosetting resin or its precursor has a fluidity at 
least at a molding temperature. 

20. A process as claimed In Claim 1 or 2, wherein tiie themnosetting resin is polyurethane, epoxy resin, 
unsaturated polyester, polyvinyl ester, or polycycloolefin resin. 

20 21. A process as claimed in any one of Claims 1, 2 and 4. wherein tiie aggregate of tiie expandable 
particles contain non^xpandable foamed particles. 

22. A process as claimed in Claim 21. wherein tiie expandable particles and the non-expandable foamed 
particles are present in a weight ratio in tiie range of from 10:1 to 1:2. 

23. A process as claimed in Claim 21 or 22, wherein non-expandable foamed particles are inorganic 
25 microballoons. 

24. A process as claimed in Claim 1 or 3, wherein tiie aggregate of the particles of the lightweight elastic 
material contain non*expandable foamed particles. 

25. A process as claimed in Claim 24. wherein tiie particles of tiie lightweight elastic material and non- 
expandable foamed particles are present in a weight ratio in the range of from 10:1 to 1:2. 

30 26. A process as claimed in Claim 24. wherein tiie non-expandable foamed particles are inorganic 
microballoons. 

27. A process as claimed in any one of Claims 1 to 4. wherein tiie separation layer is of a bag-like 
structure. 

28. A process as claimed In any one of Claims 1 to 4, wherein tiie separation layer Is of a bag-lilce structure 
as In which tiie aggregate of the expandable particles or tiie compressed particles of tiie lightweight elastic 

mateial are contained. 

29. A process as claimed in any one of Claims 1 to 4. wherein tiie separation layer Is of a bag-like structure 
in which ttie aggregate of tiie expandable particles or tiie compressed particles of tiie lightweight elastic 
mateial, and tiie syntiietic resin or its precursor are contained. 

40 30. A process as claimed In any one of Claims 27 to 29, wherein short fiber or whisker is contained in the 
bag-like structure. 

31 . A composite mokled Item obtained by tiie process as claimed in any one of Claims 1 to 30. 
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0 Disclosed is a process for the production of an 
integral composite molded item comprising 

fi) a surface portion (c) comprising a synthetic 
resin phase containing a fibrous reinforcing ma- 
terial. 

(ii) a core portion (a) comprising the synthetic 
resin phase containing bubble-containing parti- 
cles, and 

(ill) a separation layer (b) positioned between the 
surface portion and the core portion, 
the process comprising the steps of: 

(a) providing in a substantially sealed mold (1) a 
separation layer which does not substantially pass 
therethrough expandable partides or compressed 
lightweight particles of an elastic material but 
which is capable of passing a synthetic resin or 
its precursor that is liquidized at the time of 
molding; 

(b) providing the synthetic resin or its precursor In 
the mold: 

(c) arranging a fibrous reinforcing material (3) 



between the separation layer and the mold, in- 
tegrated with the separation layer or separately 
but associated therewith; 

(d) providing an aggregate of the expandable 
particles (4) and/or compressed particles of the 
lightweight elastic material on a side of the sepa- 
ration layer opposite to the side of an inner sur- 
face of the moki; 

(e) causing volume expansion of the aggregate by 
elevation of temperature to thereby expand the 
expandable particles or relieving compression 
urged on the compressed lightweight particles to 
thereby expand the lightweight particles; 

(f) flowing the liquidized synthetic resin or its 
precursor through the separation layer to spread 
it over between the separation layer and the 
mold, and among the expanded particles, or 
among the particles of the lightweight elastic ma- 
terial, while pressing the separation layer onto the 
inner surface of the mold as the result of volume 
expanston in the step (e) above; 



RafUt Xerox (UK) Business Services 



EP 0 407 996 A3 



(g) completing formation-solidification or solidi- 
fication of the synthetic resin to form a surface 
portion and a core portion; and 

(h) taking out the resulting composite molded 
item. 

The type of the resin and the type of bubble-contain- 
ing particles may be selected and combined dif- 
ferently. 
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